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SECTION 1 - GENE REGULATION 


ANSWER ALL QUESTIONS IN SECTION 1 


QUESTION 1 (10 marks total): Parts I to X (1 mark each) 


Multiple choice questions. Write the MOST correct answer (A-D) in your answer booklet 


I) Which of the following features is NOT a motif of a transcription factor? 
A. DNA binding domain 
B. Signal secretion peptide 
C. NLS 
D. Ligand binding domain 


II) The lysogenic phase of a bacterial cell infected with lambda (A) phage is dominated by the 


expression of 


A. cl 
Bs elk 
C. cli 
D. cro 


III) Which process is NOT part of RNA processing in eukaryotic cells? 
A. Splicing 
B. 5’capping 
C. RNA folding 
D. Poly Adenylation 


IV) Basal transcription regulation of a gene is mediated by 
A. Activators and suppressors 
B. TATA box & gene specific transcription factors 
C. General transcription factors and TATA box 


D. Enhancer elements & Repressors 


V) The spliceosome splices 
A. class I introns out of primary RNA transcripts using transesterification reactions. 
B. introns out of nuclear mRNA primary transcripts via transesterification reactions. 
C. class II introns out of primary RNA transcripts using transesterification reactions. 
D 


. all of the above. 
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VI) The best technique that can be used to measure specific transcript size is: 
A. Next Generation RNA Sequencing. 
B. qRT-PCR 
C. Northern blotting 
D 


. Microarray 


VI) The alignment of the translation initiation codon AUG at its correct location on the 30S 
ribosomal subunit depends in part on the upstream 

A. Pribnow box 

B. Internal Ribosome Entry Site (IRES) 

C. Shine-Dalgarno sequence. 


D. Kozak consensus sequence 


VII) The primary functions of chromatin are 
A. to package DNA into a smaller volume to fit in the cell 
B. to strengthen the DNA to allow mitosis 
C. to prevent DNA damage 
D. all ofthe above 


IX) Techniques that can be used to investigation promoter regions of genes include: 
A. Northern blots and flow cytometry 
B. Western blots and qRT-PCR 
C. Chromatin inmunoprecipitation and methylation-sensitive restriction enzyme maps 
D 


. Reporter gene assays and EMSAs 
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X) Identify the following components (labelled 1 - 4) of the E. coli lac operon illustrated below. 


RNA = 


=7 
| 
1. vy 


1 2 3 
A_ | lacO Lac Repressor lacY lacZ 
B_ | lacZ lacO Lac Repressor lacZ 
C_ | Lac Repressor lacO lacZ lacY 
D_ | Lac Repressor lacZ lacO lacY 
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QUESTION 2 (10 marks): Parts XI to XX (1 mark each) 


Answer true or false to parts (XI to XX) in your answer booklet 

XI) True or False: In mammals there are three (3) RNAPII-associated general transcription 
factors. 

XII) True or False: The expressions of transcription factors are restricted or significantly 
different between cell types. 

XIII) True or False: RNA translation (protein synthesis) involves initiation, elongation and 
termination. 

XIV) True or False: Bacteria grown in a low glucose media containing lactose would activate the 
expression of the Jac operon. 

XV) True or False: Methylation of gene promoters activates gene transcription. 

XVI) True or False: The active 80S eukaryotic ribosome has 40S and 60S subunits. 

XVII) True or False: The cycle steps in RT-PCR are reverse transcriptase catalysed cDNA 
synthese followed by multiple cycles of DNA denaturation, primer annealing and amplicon 
extension. 

XVIII) True or False: miRNAs were discovered in C. elegans. 

XIX) True or False: C. elegans worms have variable numbers of somatic cells. 


XX) True or False: Chromatin is the complex of DNA and proteins that make up the contents of 
the nucleus ofa cell. 


QUESTION 3 (30 marks) 


A. Describe the process of prokaryotic gene translation (10 marks) 
B. Describe the process of eukaryotic gene translation (10 marks) 
C. Tabulate the differences and similarities between prokaryotic and eukaryotic gene 


translation (10 marks) 
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SECTION 2 -ANIMAL AND PLANT DEVELOPMENTAL BIOLOGY 
ANSWER ALL QUESTIONS 


QUESTIONS 4 AND 5 ARE OF EQUAL VALUE 
QUESTION 4 (25 marks) 


Background information 
Gene A, a transcription factor in Drosophila is essential for correct embryonic development. 


However it is not active in embryonic cells at all times during growth. The Western and 


Northern blots below show the expression of Gene A, during development in a fruitfly. 


Western Biot Northern Blot 
r— Embryo age —— r—— Embryo age ——y 
Eag9 0 3 6 9 12 24 3% Ego 0 3 6 9 12 24 36 
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Question 4A 


Describe the mechanisms of regulation of Gene A in the egg and during early (0 to 12 hours) 


embryo development (5 marks). 


Question 4B 


Two transcription factors, Gene A (described above) and Gene B, are required early in 
Drosophila development and are expressed in a spatially distinct pattern in the embryo. Gene A 
mRNA is expressed at the anterior pole of the embryo. Explain the type of genetic experiments 
(and results) that would be used to determine whether these genes function in a hierarchy 


(10 marks). 


Question 4C 


Assume that: ONLY high concentrations of Gene A activates Gene B expression AND Gene A 
activates Gene C expression AND Gene B inhibits Gene C expression. 

Draw a hypothetical annotated map of the promoter region of Gene C. Include in your diagram 
hypothetical response elements and the hypothetical locations of Gene A and Gene B 


interactions (5 marks). 


Question 4D 


Draw diagrams of the spatial protein expression patterns of Gene A, Gene B and Gene C in the 


developing Drosophila embryo at 10 hours post fertilization (5 marks). 
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QUESTION 5 (25 marks) 


A. Tabulate the advantages, disadvantages and use of model organisms in developmental 


biology research (5 marks). 


B. Describe the lifecycle of C. elegans and the attributes of the lifecycle that makes C. elegans 


a good developmental biology model organism (10 marks). 


C. Describe the C. elegans connectome (10 marks). 


Please Remember — This examination question paper MUST BE HANDED IN. Failure to do so may result in the 


cancellation of all marks for this examination. 


Writing your name and number on the front will help us confirm that your paper has been returned. 


